ABSTRACT -The objective of this study was to evaluate the effects of stalk/leaf ratio and the stage of maturity on the digestibility of the corn plant. Hybrids AG1051, AG4051, AG5011, DOW2B710, DOW2C577, DOW2A525, NB7315 and P30F90 were used, harvested at the one-half milk line (½ ML), three-quarters milk line (¾ ML) and black layer (BL) stages.
Introduction
The evolution of livestock raising requires intensive production systems in which the use of high quality forages throughout the year is fundamental. The high energy value of the corn plant favors its use in creating silages and may contribute to reduction in use of feed concentrates and feed cost.
Due to the greater proportion of grain in dry matter (DM) of corn forage, for a long time it was believed that greater yield of this component would also confer better quality to silage (Allen et al., 2003) . Nevertheless, the digestibility of the bulky part must also be evaluated in the process of determining the quality of the material to be silaged. This approach becomes even more important considering that the stalk, leaf, husk and cob parts add up to nearly 65% of the total DM of the plant, and contribute with nearly 35% to in vitro digestibility of the whole plant, which represents nearly 65% of the potential digestibility of this plant (Hunt et al., 1998; Nussio, 1992) . However, few studies show the effective importance of the vegetative parts on the quality of the forage to be ensiled (Hunt et al., 1998) . Ballard et al. (2001) emphasized the superior forage of materials with a greater proportion of leaves as compared to hybrids with a greater percentage of stalk. American hybrids for silage with leafy genes (greater number of leaves above the ear) and brown midrib showed better fiber quality and greater digestibility of the entire plant (Clark et al., 2002) .
Other forms of variation in forage quality are the effects of climate and, especially, plant maturity. With advancing maturity, there may be a reduction in the proportion of vegetative components and loss in the quality of the bulky part and of starch. Less accentuated losses have been reported in leafy materials, which showed greater grain filling, without the loss of plant's moisture, thus increasing the optimal cutting period and the nutritional value of the silage (Ma et al., 2006) .
Most studies related to the quality of the vegetative components are about hybrids of temperate climate. There are few studies on the influence of the proportion of vegetative components on forage quality for tropical hybrids. This study was performed with the objective of evaluating the effect of the stage of maturity of the corn plant at the harvest time on the bromatological quality of the whole plant and of the structural components of corn hybrids with different stalk/leaf ratios.
Material and Methods
The study was carried out in a soil classified as Hapludox / Dystroferric Red Latosol, of clayey texture and 9% slope, with the following composition in the 0 to 20 cm layer: pH in water = 5.2; organic matter = 3.0 g/dm³; potassium = 190 mg/dm³; calcium = 2.0 cmol c /dm³; magnesium = 0.6 cmol c /dm³; aluminum = 0.1 cmol c /dm³; H+Al = 5.6 cmol c /dm³; V = 45.4%; M = 3.1%; phosphorus = 10.3 mg/dm³; B = 0.3 mg/dm³; copper = 3.1 mg/dm³; iron = 42.1 mg/dm³; manganese = 11.8 mg/dm³; zinc = 5.1 mg/dm³; clay = 570 g/kg; silt = 8 g/kg; sand = 35 g/kg.
Climate in the region is temperate/mesothermal with dry winters (Cwb). During the experimental period, mean temperatures were 21.3; 23.0; 21.8; 21.8; and 21.9 o C for the months of November and December 2007, January, February and March 2008 respectively, and total rainfall during the experimental period was of 987 mm.
The hybrids used were categorized, based on productivity of the stalk and leaf components, in groups of high stalk/leaf ratio (AG1051, AG4051, P30F90, DOW2A525) and low stalk/leaf ratio (AG5011, DOW2C577, NB7315, DOW2B710) (Table 1) .
Planting was undertaken on November 11, 2007 in the conventional planting system using 400 kg ha -1 of the formula 08-28-16 + 0.5% zinc. When the plants had 2 to 3 fully expanded leaves, thinning was performed for the purpose of obtaining a stand of 60,000 plants ha -1 . At the stage of 5 to 6 fully expanded leaves, fertilizer top dressing was made with 350 kg ha -1 of the formula 30-00-20. For weed control, a pre-emergent herbicide was used with an atrazine + metolachlor base, as well as an application of Antrazine at the dosage of 5 L.ha -1 in post emergence when the plants had 5 fully expanded leaves. Other crop and plant health treatments were carried out at appropriate times in accordance with crop needs.
The experimental design used was randomized blocks in an 8 (hybrids) × 3 (stages of maturity) factorial design, with three replications. Each plot consisted of six rows of 5 m length with 80 cm spacing for a total area of 24 m 2 . The two center rows were considered the useful area of each plot. Hybrids were harvested at the following stages of grain maturity: reduction of the milk line to half of the kernel (½ ML), three-quarters milk line (¾ ML) and black layer (BL). Time of harvest was defined by visual evaluation of the milk line of the kernel in the middle of the ear from 20 days after flowering, and the plants were harvested at 20 cm from the ground. Fifteen plants from each plot were taken randomly and divided up into stalk, leaves, ear husk, cob and grains. Another fifteen plants from each plot, also taken randomly, were used to compose the whole plant sample. The parts were weighed and then the whole plant and its components (except for the grain) were chopped in a stationary chopper and homogenized for sampling. Grains were then frozen.
Samples of the entire plant and of each part of the plant were dried in a forced air laboratory oven at 55 o C until constant weight, according to the methodology described by Gomes et al. (2004) . Based on the DM, the productivity of each component was determined, as well as establishment of the stalk/leaf ratio, which consisted of the ratio between the productivity of the stalk and the productivity of the leaf. The stalk/leaf ratio was used for separation of the groups studied.
Afterwards, dried samples were ground in a Willey mill, with a 5 mm mesh screen for carrying out the in situ In situ degradability of the DM of the whole plant and of each part was determined by ruminal incubation in the period of 24 hours. Samples of 5 g per plot were incubated in polyester bags, with 9 × 15 cm dimensions, corresponding to an 18.5 mg.cm -2 ratio, except for the grains that were cut in two parts, simulating silage processing, where approximately 8 g of DM were inserted in the polyester bags. Small bags were placed within a tulle bag with the addition of weights to maintain them immersed in the rumen and, after being removed, the small bags were immediately placed in cold water. Then they were washed with light agitation in a tank system with an agitator, replacing the water until it looked transparent. Then the bags were once more placed in a laboratory oven at 55 o C until reaching constant weight.
In addition to the polyester bags containing each treatment, one empty bag was also incubated simultaneously in each period to estimate contamination by microbial DM. Microbial contamination by gram of bag was calculated and discounted from each incubation residue in proportion to the weight of the respective bag.
DM degradation (DEG24) was calculated as the disappearance of DM in 24 hours of incubation. The variable DEG24 is a result of the sum of DM degraded in the three cows, expressed in percentage of initial DM. The variables DEG24 of the whole plant (DEG24wp), stalk (DEG24s), leaf (DEG24l), husk (DEG24h), cob (DEG24c) and grain (DEG24g) were obtained. After drying and weighing, the residual NDF content of the parts and of the whole plant sample were determined. Furthermore, NDF and degradable NDF were determined for the whole plant and other components, except for the grain. NDF and the degradable NDF were obtained through non-sequential analysis using the rapid digestor for fiber in bags, Marconi brand, model MA-444, and neutral detergent solution in accordance with Van Soest et al. (1991) . The bags used were of NWF (non-woven fabric) with a density of 100 g.dm -3 . Degradable NDF was calculated by the disappearance of the NDF as a proportion of the initial NDF.
With the exception of the percentage of broken and lodged plants, the variables analyzed were in compliance with the presuppositions of analysis of variance and were performed by the GLM procedure of the SAS ® (SAS Institute, 2001 ). The adjusted means were grouped in hybrids of high and low stalk/leaf ratio and another analysis was performed. Two orthogonal contrasts with 1 degree of freedom were tested for the harvest period: linear effect of maturity stage (1/2 ML versus BL) and quadratic effect of maturity stage (1/2 ML versus ¾ ML+BL). Estimates of Pearson phenotypic correlations were also obtained among the characteristics evaluated using the CORR procedure of the statistical package SAS ® (SAS Institute, 2001 ).
Results and Discussion
There was a difference (P<0.01) in the stalk/leaf ratio between the groups evaluated. The HIGH group had, on average, a stalk/leaf ratio 21% greater than the LOW group (Table 2) . A significant effect was observed (P<0.05) for stages of maturity over the DM contents of the whole plant and its parts. The DM percentage of the whole plant increased in a linear manner (P<0.01) throughout maturity. One-half milk line (½ ML), three-quarters milk line (¾ ML) and black layer (BL) stages of maturity had average DM contents of the whole plant of 33.4; 39.4 and 52.1%. In the stalk portion, the increase in DM was also linear (P = 0.01) and its mean values were 22.4; 22.9; and 26.2% in the ½ ML, ¾ ML and BL, respectively. For leaf component, the increase in the DM content throughout the stages of maturity followed quadratic behavior (P<0.01), with average values of 27.7; 35.7 and 77.6% for the cutting stages ½ ML, ¾ ML and BL, respectively. Mean percentages of DM for the husk part in the ½ ML, ¾ ML and BL stages corresponded to the values of 33.5; 44.5 and 68.6% and, just like in the leaf part, this increase had a quadratic effect (P<0.05). This quadratic effect in the DM content of the leaf and husk components indicates that for these parts, water loss was more intense between the ¾ ML to BL stages, probably because of the senescence process' being more intense in stages after ¾ ML. In the cob component, the mean DM contents for the ½ ML, ¾ ML and BL stages of maturity were 36.8; 43.7 and 49.7% respectively. In relation to the grain, the mean DM contents were 57% (½ ML), 64.5% (¾ ML) and 72.5% (BL). The increase in these contents had linear behavior (P<0.05 and P<0.01 respectively) and, just like in the whole plant and other parts, there was no difference between the groups evaluated. Evaluating Leafy and conventional hybrids, Ma et al. (2006) found different results for this study. For these authors, hybrids with greater proportion of leaves in the DM had a less accentuated moisture decrease, showing a more prolonged optimal cutting period. Gomes et al. (2004) and Mendes et al. (2008) observed a high correlation between the 24 hour incubation period and the effective degradability, indicating the possibility of evaluating the degradability of DM in the 24-hour incubation period. For this characteristic, no significant effect (P<0.05) of the group source on the plant components was observed. Stages of maturity influenced (P<0.05) the degradability of the whole plant, with values of 54.5; 53.4 and 49.5% for the ½ ML, ¾ ML and BL stages, respectively, as well as the leaf, husk and grain parts (Table 3) .
Although studies highlight the qualities of the leafy materials (Johnson et al., 1999; Clark et al., 2002) for the hybrids evaluated in this study, the results indicate that the difference in the stalk/leaf ratio did not result in greater degradability of the forage. However, even in evaluations with leafy hybrids, it is possible to find results in which the greater proportion of leaves also did not affect forage quality (Nennich et al., 2003; Benefield et al., 2006) . Verbic et al. (1995) and Masoero et al. (2006) attributed the differences in the quality of the whole plant to the quality of its parts, and not to their proportion in the DM.
In the evaluation of degradability of the stalk part, there was no significance (P<0.05) for the source group and stages of maturity, with a mean of 36.6%. In contrast to that found in this study, Verbic et al. (1995) found variations greater than 30% for effective degradability of the DM of stalks among corn hybrids.
Evaluating breeding lines of different populations, Jung et al. (1998) and Menchin et al. (2000) found "conventional" materials with stalk quality characteristics very close to those observed in breeding lines that contain the brown midrib (bm3) gene. The high degree of genetic variability for quality characteristics of the stalk cell wall enables an optimistic outlook for development of corn hybrids for silage (Jung & Casler, 2006) . Zeoula et al. (2003) pointed out the importance of the use of corn hybrids with good digestibility of the stalk part, with possible savings of up to 1.5 kg of concentrate/animal/day. Johnson et al. (1999) and Masoero et al. (2006) reported a decrease in stalk degradability with an advance in maturity. After flowering, Kruse et al. (2008) stated that the loss in quality of the vegetative parts is due to the accumulation of cell wall components, but especially because of the remobilization of non-structural carbohydrates to ears. In this study, in contrast to the whole plant and the leaf, husk, and grain components, the advance in maturity led to less accentuated losses in stalk degradability.
The degradability of the leaf part was influenced by the stages of maturity (P<0.05) and the mean values in the ½ ML, ¾ ML and BL stages were 50.3; 40.8 and 36.6% respectively. Verbic et al. (1995) Table 3 -Degradability of the whole plant and of the parts of corn hybrids with high and low stalk/leaf ratio harvested at three stages of maturity in the quality of the part and not to its proportion in the DM. In a more pronounced way than that observed in the stalk and whole plant, the remobilization of photoassimilates to ears and the accumulation of materials in the cell wall caused a decrease in the degradability of the leaf component. However, from the components evaluated, the leaf part was that which showed the greatest degradability values. The loss in quantity and quality of leaves seems to be one of the key points in maintenance of forage quality, with an accentuated loss of leaves being observed as of the ½ ML stage of maturity. Roth & Lauer (2008) observed that the loss of the vegetative component of better quality was capable of reducing the degradable NDF of the whole plant and milk production per area. It is worth stressing that characteristics such as stay green do not necessarily confer good quality to the forage. Ettle & Schwarz (2003) reinforce that efforts seeking to increase the quality of the bulky part using this characteristic were not very successful. In this context, important characteristics such as adaptability, cycle, and disease resistance must not be neglected because they contribute to leaf maintenance.
Degradability of the husk was influenced by the stages of maturity (P<0.01) with mean values of 44% (½ ML), 35.4% (¾ ML) and 30.8% (BL). In contrast with the leaf, husk, and grain parts, the stages of maturity did not alter the cob degradability. It can be stated that once in the ½ ML stage, the cob component had high levels of indigestible components.
Degradability of the grain part did not undergo effects of the high and low stalk/leaf ratio groups; however, it was affected in a significant way by the stages of maturity. The mean values for degradability in the ½ ML, ¾ ML and BL stages of maturity were 32.8; 21 and 18.1%.
In the stalk, leaf, husk, cob, and grain parts, the losses in degradability throughout the stages evaluated were 15.8; 27.0; 34.0; 6.8 and 51.0%, respectively. The expressive loss in the quality of the component of greatest proportion in the DM (grain) is also one of the key points to maintenance of forage quality. Along with the accumulation of grain and the reduction in its quality, there was also an accentuated loss in the quality of the vegetative parts. The increase in the grain proportion was capable of leading to a dilution in the NDF contents; however, it did not support maintenance in the quality of the whole plant, which reduced the degradability and degradable NDF ( Table 4) .
The concentrations of NDF and degradable NDF of the whole plant were influenced by the stages of maturity (P<0.01). The NDF content of the whole plant reduced with the advance of the stages of maturity, presenting means of 49.2; 44.7 and 44% in the ½ ML, ¾ ML and BL, respectively (Table 3 ). In accordance with Bal et al. (1997) , little does the NDF content between the ¾ ML and BL stages change, which may be observed in this study. Some studies show that the NDF values decrease with the advance of maturity (Di Marco et al., 2002; Filya, 2004) due to the effect of dilution by the accumulation of starch. In contrast, it is possible to find results in which NDF has an increase throughout maturity (Estrada-Flores et al., 2006; Vilela et al. 2008 ). An explanation for the difference in the trends of NDF accumulation is the amplitude of the stages of maturity in which the materials are harvested. In general, for stages of maturity in which starch accumulation is less intense, there is an increase in the NDF contents, whereas in the stages of greater increase in the DM of the grain, starch accumulation is sufficient for maintenance or reduction of the NDF contents. 1 Standard error of the mean. 2 Group = P for effects of the stalk/leaf ratio. 3 SM = P for effects of the stage of maturity. 4, 5, 6 Stage of maturity of the grain at the one-half milk line, three-quarters milk line and at the black layer, respectively. 7, 8 Neutral detergent fiber content and degradable neutral detergent fiber content. Table 4 -Percentage of neutral detergent fiber and degradable neutral detergent fiber of the whole plant and of the parts of corn hybrids with high and low stalk/leaf ratio harvested at three stages of maturity
In the stalk part, the NDF content did not undergo influence of the groups and stages of maturity and had values of 73 (½ ML), 72.2 (¾ ML) and 75.5% (BL). For the other parts, there was an increase in the NDF contents with increasing maturity (Table 3) . Masoero et al. (2006) observed an increase of NDF in the stalk in the R4 to R6 stages, with a decrease in the in vitro degradability of the stalk part also being observed. Estrada-Flores et al. (2006) , evaluating different growth stages, also observed the same behavior. These results suggest that the stalk quality data are quite divergent and dependent on the prevalent environmental conditions.
In regard to the degradable NDF content of the stalk, it may be inferred that it underwent the influence of the stages of maturity with 94% probability. In the ½ ML, ¾ ML and BL stages, the degradable NDF values were 28.8; 25.1 and 22.8%, respectively. Along with the cob part, the stalk part had the lowest values for degradable NDF (Table 4) .
For the leaf part, there was a significant effect (P<0.01) of the stages of maturity on the NDF of the leaf and degradable NDF with values of 72.7; 75.1% (¾ ML) and 80.7% (BL) for the NDF and 39.9% (½ ML), 31.2% (¾ ML) and 31% (BL) for degradable NDF. Among the components, the leaf part had the greatest values of degradable NDF, which is in accordance with the results obtained by Tolera & Sundstùlc (1999) and Tang et al. (2008) . Senescence reduced the degradable NDF and increased the NDF content for remobilization of photoassimilates for the grain. Similar behavior was also observed by Masoero et al. (2006) and Kruse et al. (2008) .
A significant effect was observed for the stages of maturity on the NDF of the husk (P<0.05) and degradable NDF of the husk (P<0.01). The means of the husk's NDF at ½ ML, ¾ ML and BL stages of maturity were 80.2%, 85.1% and 86.6% respectively (Table 3 ). The increase in the NDF content of the husk was approximately 8% throughout the stages evaluated. For the degradable NDF of the husk, the following mean values were observed: 33.6% (½ ML), 28.1% (¾ ML) and 25.5% (BL). Mean reduction throughout the stages evaluated was 24%. Verbic et al. (1995) found variations among hybrids of 39% to 45% for in vitro degradability and 73 to 79% for NDF contents of husk of hybrids harvested at the one-half milk line; however, these differences were not attributed to ratios among the parts. In this study, the husk part obtained degradability and degradable NDF results above the stalk and cob parts, and only the leaf part had quality greater than the husk. Estrada-Flores et al. (2006) explain the quality of the husk component through the low concentration of ADF (acid detergent fiber).
Regarding the cob component, there was a significant effect (P<0.01) of the stages of maturity on the NDF content, with mean values for ½ ML, ¾ ML and BL of 81.5; 84.3 and 88.2%, respectively (Table 4 ). The degradable neutral detergent fiber of the cob part was influenced (P<0.05) by the high and low stalk/leaf ratio groups, with values of 21.5% for the high and 16.6% for the low stalk/leaf ratio group. The non-significant effect of the stages of maturity on the degradable NDF of the cob may be explained by the fact that component has low quality fiber, bearing in mind that the cob had the lowest degradable NDF content. Probably because of the small proportion of the cob component in the DM, the difference in the degradable NDF values between the groups was not sufficient to alter the fiber quality of the whole plant.
It may be questioned that even with the effort of using hybrids in this experiment that fit within different stalk/leaf ratio groups, there may be differences, in the universe of hybrids made available in the seed market, in the stalk/leaf ratio that extrapolate that found in this study, and which may generate an effect for this factor. This hypothesis is not very probable because the lack of significance by the F test is quite consistent with p values always greater than 0.38 for the variables related to the whole plant. For that reason, it is believed that the non-significance for the stalk/leaf ratio source groups, for most of the variables, indicates that plant quality is associated with the quality of its components and not their proportion in the DM.
Analyzing the correlation coefficients among the variables, a direct correlation of degradability is observed with the degradable NDF, degradability of the stalk, leaf, husk, and grain parts (Table 5 ). An inverse correlation is also noted between the NDF content and degradability of the whole plant. This indicates that improvement in the quality of any one of these components will bring significant results to the final quality of the forage. In addition to low proportion in the DM, the cob was also of little importance in the quality of the forage; and, among all the parts, the only degradability that did not correlate with that of the whole plant was the degradability of the cob part.
Fonseca (2000) observed that among all the characteristics which determine forage quality, the NDF content was the variable that was most correlated with quality. For that reason, materials with low contents of this fiber are sought. It should be emphasized that this component has a 40% to 55% share in the entire DM. This shows that materials with good NDF quality can have a large impact on forage quality. Perhaps it is for that reason that the correlation between degradability and degradable NDF showed the greatest correlation coefficient (r) when compared with association with the NDF. The r values for degradability and NDF and degradable NDF were 0.61 and 0.68, respectively. This parameter may be used in silage hybrid breeding programs. However, the association of this variable with animal performance parameters is also quite interesting since some authors associate the increase in milk production to an increase in the passage and consumption rate of DM rather than to greater energy concentration in the forage (Oba & Allen, 2000; Frey et al., 2004) .
The degradability of the stalk, leaf, husk, and cob parts was also inversely correlated with the NDF content and directly with the degradable NDF (Table 5) . Only for the stalk part did NDF obtain a correlation of greater magnitude with degradability if compared to degradable NDF. Direct correlation among the degradability of the parts confirms the hypothesis brought up by He et al. (2003) that techniques seeking fiber improvement are promising because they are capable of improving the quality of all components.
Association between resistance to lodging and bromatological quality of the stalk has not been explored to a great extent, and, in an empirical manner, technicians and researchers suggest that the quality of the forage, and especially of the stalk part, is involved with the increase of characteristics that confer resistance to lodging and to the action of pathogenic agents. Albrecht et al. (1986) evaluated two populations before and after three recurrent selection cycles with a view toward increasing resistance to lodging and stalk rot. In both situations, total concentrations of non-structural carbohydrates increased and were sufficient for promoting dilution in the stalk fibers, also increasing the in vitro degradability of this part. In this study, the degradability, NDF, and degradable NDF of the stalk part did not have any relation to the number of lodged plants, which does not permit the establishment of a functional relationship between lodging and stalk quality ( Table 5 -Correlations between degradability of the whole plant and the parts, lodged and broken plants, neutral detergent fiber contents and degradable neutral detergent fiber contents of corn hybrids harvested at three stages of maturity
Conclusions
The quality of corn forage is more dependent on the quality of the stalk, leaf, husk, cob, and grain components than on the proportion of these parts in the dry matter. The advance of maturity reduces the forage quality of the whole plant and its components, except for the stalk and cob, which have low quality from the ½ milk line stage. Stalk/leaf ratio does not influence forage quality.
